Sensory neurons for smell and taste in insects reside in sensilla. Experiments in bumblebees reveal an unusual benefit of this arrangement: interaction between co-housed gustatory neurons promotes bursting in their responses and delays their adaptation.
The smell and taste organs of an insect resemble suburban strips: thousands of houses, big and small, separated by vacant spaces. Each of these houses -a sensillum -is usually inhabited by two to four sensory neurons, whose job is to alert the brain anytime they catch an odor or a tastant molecule drifting in through the porous walls. The resident neurons come with distinct personalities -each neuron detects only a select set of chemicals. Among the thousands of neurons distributed in the sensilla, there are hundreds of unique personalities, of which, of course, very few can be found grouped within a single sensillum. This grouping of house-mates is not random. Peek inside sensilla at the same location in two conspecifics, and you will find that they contain identical groups of sensory neurons. The existence of such precise grouping within sensilla suggests it must be beneficial to the animals, but the benefits are not fully understood. A new study in this issue of Current Biology by Ashwin Miriyala, Geraldine Wright and colleagues [1] now shows that neuronal interactions within bumblebee taste sensilla enable burst spiking and slow adaptation -features that can steer the behavioral response of the animal.
Several previous studies have implicated sensillar organization in the detection of sex pheromonesfragrances released by an animal for its conspecifics to basically announce ''I am available for mating''; these olfactory messages may be indispensable in surroundings teeming with many species, some of which may be impossible to distinguish visually. Pheromones are exquisite, species-specific chemicals or blends of two or three chemicals. During evolution, as a species splits into two, their pheromones diverge too, but often slightly. For instance, male Japanese beetles are attracted to the pheromone (R)-japonilure released by conspecific females, but not to its mirror-image molecule (S)-japonilure, which is a pheromone of the Osaka beetle. Japanese beetles achieve this fine behavioral discrimination, between nearly identical molecules, using two neurons co-housed in one sensillum: one neuron responds to the R-form while the other responds to the S-form. The two neurons inhibit each other and thereby increase the perceived contrast between the two pheromones [2] . In another example, two species of moths use very similar pheromones, which are blends of identical components in slightly different ratios. These different components activate different neurons in the same sensillum. A piece-wise, ratiometric detection within sensilla may be important for fine discrimination between these pheromones [3] .
Interactions among co-housed neurons are likely to affect the reception of all odors, not just pheromones. In Drosophila melanogaster, lateral interactions were found in multiple sensilla that respond to non-pheromonal odors: activation of a sensory neuron by one odor inhibited the ongoing response of a co-housed neuron to another [4] . All of these previous studies suggest a role for sensillar compartmentalization in improving detection accuracy in the presence of competing stimuli. Now the new study on bumblebees by Miriyala and colleagues [1] suggests a role in sculpting the response to a single stimulus.
Bumblebees feed on nectar using their long, curly, straw-like proboscis ( Figure 1 ). The organ is lined with taste sensilla, containing gustatory receptor neurons (GRNs) to detect sugars and other nutrients. Miriyala and colleagues [1] measured electrical activity from a particular sensillum, which contains four GRNs, and saw that two of these neurons, GRN1 and GRN2, responded to sucrose by increasing their spiking rate. One feature of the response stands out: GRN1 responded with brief, recurring bursts of spikes separated by periods of complete silence. A careful analysis of the timing of spikes in the two neurons gives clues about the genesis of bursting -bursts in GRN1 ended as soon as GRN2 began to spike. This is strong evidence for an inhibitory connection from GRN2 to GRN1 (Figure 2 ). Occurrence of GRN1 spikes just before GRN2 spikes also suggests an excitatory connection from GRN1 to GRN2.
What could be the medium through which co-housed neurons interact? In Drosophila, blocking chemical synapses or nitric oxide signaling did not diminish the inhibitory interactions within a sensillum [4] , leaving ephaptic coupling and gap junctions as possible means of interaction. Miriyala and colleagues [1] applied a gap-junction blocker during sugar stimulation. GRN2 spikes vanished, and along with them the inhibitory periods in GRN1 spiking, leaving behind a monotonous response (Figure 2 ). This suggests that the bursting in the bumblebee sensillum arises from interactions between co-housed neurons, mediated by gap junctions. This is the first report of the involvement of gap junctions in sensillar interactions, but more evidence, using other gapjunction blockers and from other experimental systems, will be important for confirming it.
Bursting has been seen in many types of neurons and is thought to emerge from intrinsic mechanisms -see-sawing of activity between different ionic currents within a neuron [5] . Some theoretical studies have also suggested that excitatory gap junctions can stabilize ongoing burst firing [6, 7] , but Miriyala and colleagues [1] are probably the first to suggest a role for asymmetric gapjunction coupling between two adjacent neurons in the generation of bursts. The brain encodes odor and taste information in not only the number but also in the precise timing of spikes. It has mechanisms to maintain and use this timing as sensory information traverses its layers [8] [9] [10] . So, bursting -with its temporal patterns of high-spiking and nospiking intervals -must be important. In crickets, for instance, only predatorrelated ultrasound stimuli generate bursts in auditory receptors; only bursts in these receptors generate bursts in an interneuron, and only bursting in that interneuron generates avoidance behavior [11] .
Bursting also appears intimately tied to sensory adaptation. In the cricket auditory system, bursts are seen only for nonadapted stimuli [11] . Similarly, in mammals, neurons in the thalamus fire fewer bursts in response to an adapting stimulus [12] . Miriyala and colleagues [1] also found a strong inverse relationship between bursting and adaptation. In the early part of the sucrose response, when GRN1 had more bursts, there was hardly any adaptation; later, as bursts reduced, adaptation kicked in. Removal of bursting by gap-junction blockers also increased the adaptation rate in GRN1 (Figure 2 ). The behavior of the animal also correlated with bursting. When different types of sugars or their different concentrations were tested, stimuli that generated more bursting and less adaptation also led to more sugar consumption. These results add to the growing evidence that spike timing is important for behavior.
Sensillar interactions in bumblebee proboscis provide a mechanism for bursting in response to a prolonged sugar stimulus. Perhaps a more direct way of generating burst-like sensory responses is to sample the stimulus intermittently, in short pulses. That, indeed, seems to be how moths sustain upwind flights -by rapidly zipping in and out of odor plumes, they create burst-like responses in their sensory neurons, which are essential for flight [13] . Drosophila, too, seem to use this strategy -they drink in small sips, each lasting only a fraction of a second [14] ; the repeated, brief, and spaced contacts with stimuli should create similarly timed bursts of spikes in their sensory neurons. For bees, though, drinking in such small sips may be too slow or too cumbersome; and so they may have adapted to rely on the sensillar mechanism for generating bursts. Future experiments will teach us more about these mechanisms, but the work of Miriyala and colleagues [1] is already a powerful reminder about the importance of understanding neural circuits in their ecological context, and about the power of so-called 'non-model systems' in facilitating new discoveries.
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The highlighted taste sensillum contains four gustatory receptor neurons (GRNs). Two of these, GRN1 (blue) and GRN2 (orange), respond to sugar. GRN1 shows burst spiking and little adaptation. GRN2 spikes occur near the end of GRN1 bursts. The timing of these spikes suggests an inhibitory coupling from GRN2 to GRN1 and an excitatory coupling in the opposite direction. A gap-junction blocker eliminates the coupling; this manipulation removes bursting and increases adaptation in GRN1.
Human listeners appear to represent the textures of sounds through a process of automatic time averaging that exists beyond volition. This process distils likely background sounds into their summary statistics, a computationally efficient way of dealing with complex auditory scenes.
Sweeping along the gravel driveway, your car comes to a halt under the portico. Stepping out, the doorman ushers you into the foyer, where you're met with a wash of voices, individually indistinguishable but collectively conveying a sense of heightened enjoyment. Moving through the party throng, the babble ebbs and flows until, emerging through a curtain onto the balcony beyond, voices dull to mingle with the rustle of the ash trees undulating in the breeze. You catch a stray brass note wafting from the jazz quartet in the pavilion in the garden below, against the rhythmic swash of waves setting on the pebbled beach beyond. A marbled heelclick stirs you to attention and, catching your name, you turn back towards the room to greet your caller. Though the specifics are perhaps more common in certain social circles than others, this everyday listening-scene poses significant challenges to the auditory brain, and raises some interesting questions. To what extent is it important to attend to every sound you hear, or to process, even unconsciously, moment-by-moment changes in those sounds? What features of sounds are critical to effective listening, and what can safely be ignored as background clutter? A new study by McWalter and McDermott [1] published in a recent issue of Current Biology demonstrates compelling evidence that human listeners perceive sound textures -the aural wallpaper against which many acoustic scenes unfold -through a process of time averaging. They make the case that the neural representation of these textures is of their statistical structure, per se, rather than the acoustic elements from which they are constructed. From an evolutionary perspective it makes sense to process information concerning subtle changes in the environment, but, at the broadest level, does a change in the acoustic background -against which an important auditory scene might unfoldcompel the same level of attention? What elements of an auditory scene can safely be unheard or, at least, represented in a more abstract manner, freeing resources to concentrate on encoding moreimportant foreground events?
Increasing evidence indicates that listeners parse complex scenes by means of 'statistical learning' [2, 3] sometimes called 'perceptual learning' -an automatic process of accumulating sensory information without the need for conscious storage and retrieval. Statistical learning challenges how we think about perception and the behaviours it drives. Learning, over
